INTRODUCTION

FORMULATION
The geometry of the problem is shown in Figure  1 . Both the substrate and the coating, which are perfectly bonded to the FGM, are isotropic and homogeneous, and have hi and h3 as their respective thickness. The FGM thickness is h2, and is denoted as material 2.
In the global x-y coordinates the shear modulus of the FGM is assumed to be as follows:
where
Hooke's law relates strain and stress using two independent material constants:
where u and v are horizontal and vertical displacements, and g is defined as:
for plane strain a2e. a2e,_ on2e,.,
we obtain the fourth order governing equation for F(x,y):
The solution of (6) is found by applying the Fourier Transform:
that transforms (6) into 4-th order Ordinary Differential Equation (ODE) with constant coefficients. The ODE is solved by forming the characteristic equation to determine its roots:
Thus, the stress function for the substrate has a form with double repeated roots as follows:
Similarly, for the coating,
The governing equation for the FGM is:
The characteristic equation of ( 11 ) becomes,
(11)
There are four independent roots of (12):
V_c:
Consequently, the stress function is obtained in the following form:
Using (4) the stresses for the FGM are:
the stresses for the substrate are:
.
and for the coating they are as follows:
From (15), (16) and (17), it can be seen that there are 12 unknown constants (in the Fourier space they are functions of o0, i.e., Di, Ci and Ai (i= 1...4), which can be obtained from the following conditions:
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where p_ and P2 are known surface tractions. In order to convert the solution from a dual integral path into a singular integral equations, (20a,b) has to be replaced by the following auxiliary functions: 
where,
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Ci(U(t-x_))=(C 0+logU( The system of equations (22) and (29) 
The corresponding weights are:
The collocation points can be found from: [A Ja,,x 2,,{g }2, : {P}2,,
thus. the unknowns are obtained by:
The mode-I and mode-II SIF are defined as follows: Where gl(a) and g2(a) correspond to g l(l) and g2(1) respectively when solving (36).
The strain energy release rates (SERR) can be calculated from [16] , and they are listed as follows: Table 1 demonstrate the accuracy of the solution.
RESULTS
The geometry of the problem being examined is shown in Figure 1 . It canbe noticedthatfor increasingln(_3/_tj)the SERRdecreases. The highestG is for the mostnegativeln(_t3/_l).By replacingpart of FGM by pureceramicmaterialwe increase G for ln(g3/gj)=-2 (the region above the crack is softened by the softer ceramics layer) and decrease G slightly for ln(g._/lul)=2 (the region above the crack is stiffened by the stiffer ceramics layer).
Hence, it can be concluded that SERR can be reduced by several methods: stiffer coating application, thicker FGM layer, and additional layer of homogeneous ceramics.
The most optimum combination depends on the stiffness ratio of the ceramics with respect to the substrate.
Let's apply the above knowledge to the specific cases shown in Figure  13 (also GPa and v3 = 0.2, while for steel they are: El = 207 GPa and vl = 0.33. The thickness of each layer can be normalized with respect to crack length, which is assumed to be the same as half of the total thermal barrier thickness, i.e., ht = h2+h3 = a. The thickness of the substrate is hi = 6a. Table II shows results for three different cases under normal stress conditions. In the first case the ceramic layer is part of the FGM. In the second and third cases the pure ceramic layer belongs to material "3" and FGM thickness is measured from the interfaces between steel and bond coat to the interface between Zirconia and FGM layer. It can be noticedthat the total SERRis higherin the lower two casesthan it is in the first caseby 16%and38%,respectively. Hence,it is critical how FGM is definedin the practicalcase studies.It can be also noticed that the thinner Zirconia layer producedsmaller SERR becauseof the negativenonhomogeneity ratio as describedin Figure 12 . Finally, the resultsshowsomesensitivityto the FGM Poisson'sratio, but for all practicalpurposesit canbe assumed to bethe sameasfor the pureceramics. h =0.225a,h =0.025a 2 3 h=O. 175a,h =0.075a 
